WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATTONAL APPUCATION PUBUSHED UNDER THE PATE^4T COOPERATION TREATY (PCT) 



(51) Internatioiial Patent Classification ^ : 

B07C 5/34, 5/08, 9/DO, GOIH 1/00, 9/00, 
ISAM 



Al 



(11) International Publication Number: 
(43) Intemationai Publication Date: 



WO 97/27006 

31 July 1997 (31.07.97) 



(21) International Application Number: PCT/IL97/00021 

(22) Intemationai FOing Date: 15 January 1997 (15.01.97) 



(30) Priority Data: 
116857 



22 Januai7 1996 (22.01.96) 



IL 



(71) Applicant (for all designated States except US): ESHETEILON 

[lUILl; Kibbutz Etion. MJ».0.. 22845 Western Galilee (IL). 

(72) Inventors; and 

(75) Inventors^Appiicants (for US only): CARMI. Yoash [lUIL]; 
Kibbutz Ellon, M.P.O.. 22845 Western Galilee (IL). RAZ, 
Omri [lUlL]; Kibbutz Eilon. M.P.O.. 22845 Western 
Galilee (IL). 

(74) Agents: CX>LB. Sanford. T. et al.; Sanford T. Colb & Co., P.O. 
Box 2273, Rehovot 76122 (IL). 



(81) Designated States: AL. AM. AT. AU. AZ. BA. BB. BG. BR 
BY. OA. CH, ON. CU. CZ, DE, DK. EE, ES. R. GB. GE. 
HU. IL. IS. JP. KE. KG. KP. KR. KZ. LC. LK. LR. LS. 
LT. LU, LV. MD. MG, MK. MN, MW. MX, NO, NZ. PL. 
PT, RO. RU. SD. SE. SG. SI, SK, TJ, TM, TR, TT. UA. 
UG. US. UZ. VN. ARIPO patent (KE, LS, MW, SD, SZ, 
UG). Eurasian patent (AM. AZ, BY. KG, KZ. MD. RU, TJ. 
TM). European patent (AT. BE. CH. DE. DK. ES. FI. FR. 
GB. GR, IE. IT. LU. MC. NL. PT. SE). OAPI patent (BF, 
BJ. CF, CG, CI. CM. GA, GN, ML, MR, NE, SN. TD. TG). 



Published 

With intemationai search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the evens of the receipt of 
amendments. 



(54) Tltie: TESTING AND MONITORING THE QUALITY OF FRUIT 




(57) Abstract 

A method and apparatus for testing the quality of fruit by applying a dynamic force to the fhiit. and detecUng the mechanical response 
via a transducer which includes a resilient pad (1 1) carrying a piezoelectric film transducer (12). and a floating spring mounting (13. 14. 
15, 16) for die resilient pad effective to yield when the piezoelectric film transducer (12) contacts a fruit to cause die piezoelectric film 
transducer (12) to engage and confomi to the outer surface of the fruit Also described are a method and apparatus for monitoring changes 
m the condition of fhilt in a storage room by placing a sample of die firuit in a holder in the storage room, and at successive intervals 
remotely actuating a dynamic force applicator (3, 4, 5) in die storage room to output an electrical signal conespondine to die condition of 
the fniit sample within the storage room. 
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TESTING AND MONITORING THE QUALITY OF FRUIT 



The present invention relates to a method and 
apparatus for testing the quality of fruit. The invention 
also relates to a method and apparatus for monitoring 
changes in the condition of fruit, e.g., while in a storage 
room, such as its ripening progress, loss of water, ageing 
or other quality degradation of the fruit- 

The term "fruit" is used herein in its broader 
aspect, as referring to a plant crop or product, to include 
not only conventional fruits, but also products normally 
called vegetables, such as tomatoes, potatoes, etc. 

High-value fresh agricultural products, 
particularly those intended for export, must be carefully 
handled and sorted in order to meet high quality standards. 
Many methods are available for testing the quality of fruit 
and for sorting according to external fruit properties, such 
as size, shape, color and external appearance. Internal 
properties, such as ripeness, taste, flavor and internal 
damage, are generally determined indirectly, by linking the 
property to one or more external fruit properties, or are 
measured directly through destructive tests. 

It is also known to test the quality of a fruit by 
applying a dynamic force to the fruit and detecting the 
mechanical response of the fruit to the dynamic force, as 
described for example in US Patents 2,277,037 and 5,152,401 . 
In such devices, the mechanical response of the fruit to the 
dynamic force is generally detected by a conventional 
piezoelectric sensor which undergoes compressional strain to 
output an electrical signal. Such apparatus, however, has 
not found widespread use presumably because the electrical 
signal outputted by the conventional piezeoelectric sensor 
does not provide a satisfactory indication of the quality of 
the fruit. 

A recent development, as described in 
International Publication No. WO/94/2971 5 (International 
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Application No.PCT/US94/06869 ) , detects the mechanical 
response of the fruit to the dynamic force via a 
piezoelectric film transducer supported on a displaceable 
supporting member such that the film transducer is bent by 
the dynamic force to induce a strain in the film transducer. 
It has been found that the output signal produced as a 
result of such bending strains, as distinguished from 
compression strains in the conventional sensor r provides a 
more accurate measurement of the quality of the fruit being 
tested. However, even the output signal of such a sensor in 
the described apparatus is not sufficiently reliable to 
enable widespread use of this method. 

An object of the present invention is to provide 
an improvement in the method and apparatus for testing the 
quality of fruit described in WO/94/29715. Another object of 
the invention is to provide a method and apparatus for 
monitoring changes in the condition of fruit, e.g., while in 
a storage room. 

According to one aspect of the present invention, 
there is provided a method of testing the quality of fruit, 
comprising: applying a dynamic force to the fruit; 
detecting the mechanical response of the fruit to the 
dynamic force via a piezoelectric film transducer supported 
on a displaceable supporting member such that the film 
transducer is bent to induce a strain therein by the dynamic 
force and outputs an electrical signal corresponding to the 
induced strain in the film transducer caused by the dynamic 
force; and analyzing the electrical signal to indicate the 
quality of the fruit; characterized in that the displaceable 
supporting member includes: a resilient pad having an outer 
surface of relatively large surface area carrying, on its 
outer surface, the piezoelectric film transducer, which is 
also of relatively large surface area; and a floating spring 
mounting for the resilient pad effective to yield when the 
piezoelectric film transducer contacts a fruit to cause the 
piezoelectric film transducer to engage and conform to the 
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outer surface of fruit of a large range of sizes and 
shapes . 

It has been found that such a method produces 
output signals which more accurately reflect the quality of 
the fruit under test, and which are less sensitive to 
differences in the outer contour and size of the fruit, as 
compared to the method described in WO/94/29715, 

According to further features in the preferred 
embodiment of the invention described below, there are a 
plurality of the piezoelectric film transducers each 
supported on one of the displaceable supporting members at 
different locations around the circumference of the fruit to 
provide three such surface contacts with the fruit. 

According to another aspect of the present 
invention, there is provided a method of monitoring changes 
in the condition of fruit in a storage room, comprising: 
placing a sample of the fruit in a holder in the storage 
room, which holder includes a dynamic force applicator for 
applying a dynamic force to the fruit sample, and a 
transducer which outputs an electrical signal corresponding 
to the mechanical response of the fruit sample to the 
dynamic force applied thereto; at successive intervals, 
remotely actuating the dynamic force applicator from a 
location externally of the storage room to output an 
electrical signal corresponding to the condition of the 
fruit sample within the storage room; feeding the output 
electrical signal to a location externally of the storage 
room; and analyzing the electrical signal externally of the 
storage room to indicate the condition of the fruit saunple. 

Such a method is particularly useful in storage 
rooms involving a controlled (e.g., cooled and/or gaseous) 
atmosphere since it enables the condition, e.g., ripening 
progress, of the fruit within the storage room to be 
continuously monitored without causing any interference with 
the controlled atmosphere which would result by entering and 
leaving the storage room in order to monitor the ripening 
progress of the fruit. 
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The invention also provides apparatus for 
practicing the invention in accordance with the above 
methods . 

Further features and advantages of the invention 
will be apparent from the description below. 

The invention is herein described, by way of 
example only, with reference to the accompanying drawings, 
wherein: 

Fig. 1 is a side elevational view diagrammatically 
illustrating one form of apparatus constructed in accordance 
with the present invention; 

Fig. 2 is a top plan view illustrating the 
apparatus of Fig. 1; 

Fig. 3 is a side elevational view illustrating 
another form of apparatus constructed in accordance with the 
present invent ion ; 

Figs. 4 and 5 are side and plan views, 
respectively, illustrating a further form of apparatus 
constructed in accordance with the present invention; 

Figs. 6 and 7 are side and plan views, 
respectively, illustrating a further form of apparatus 
constructed in accordance with the present invention; 

Fig. 8 is a side elevational view illustrating a 
still further form of apparatus constructed in accordance 
with the present invention; 

Pig. 9 diagrammatically illustrates a method of 
monitoring the ripening progress of fruit within a storage 
room in accordance with a further aspect of the present 
invention; 

and Figs. 10, 11 and 12 illustrate three 
arrangements that may be used for holding and testing a 
fruit sample in the monitoring method of Fig. 9. 

The apparatus illustrated in Figs. 1 and 2 
includes a holder or bed, schematically indicated at 2, for 
receiving the fruit F, such as an apple, to be tested. The 
holder further includes dynamic force applying means for 
applying a dynamic force to the fruit F in holder 2, and 
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detector means for detecting the mechanical response of the 
fruit to such a dynamic force. In the example illustrated 
in Figs, 1 and 2, the dynamic force applying means includes 
three pivotally counted levers 3, 4, 5, eguallly spaced 
around the circumference of the fruit F and each pivotal to 
impact the fruit; and the mechanical response detectors are 
constituted by three detectors 8, 9^ 10, also equally spaced 
around the circumference of the fruit for detecting the 
mechanical response of the fruit to the applied dynamic 
force . 

The construction of each of the three detectors 8, 
9, 10 is more particularly illustrated with respect to 
detector 10. It includes a resilient pad 11 having an outer 
surface of relatively large surface area carrying, on its 
outer surface, a piezoelectric film transducer 12 which is 
also of relatively large surface area. The opposite face of 
resilient pad 11 is fixed (e.g., by adhesive or a clamp) to 
a base member 13, which is pivotally mounted at its center 
at one end 1 4a of a lever 1 4 . The opposite end 1 4b of lever 
1 4 is pivotally mounted to a fixed supporting member 15. 
Lever 1 6 is urged by spring 1 6 towards holder 2 to bring the 
piezeoelectric film transducer 12 into firm contact with the 
outer surface of the fruit F in the holder. 

The piezeoelectric film transducer 12, and also 
the resilient pad 1 1 on which it is mounted, may be of the 
structure as described in WO/94/29715, but is preferably of 
substantially larger surface area. Thus, the transducer may 
be of polyvinylidine flouride piezoelectric film coated on 
opposite sides with a conductive coating, such as silver; 
and the resilient pad 1 1 may be of a suitable elastomeric 
material, such as expanded natural or synthetic rubber, or 
expanded polyure thane . 

It has been found that the mounting arrangement 
illustrated in Figs* 1 and 2, for mounting the resilient pad 
11 and the piezoelectric film transducer 12 carried on its 
outer surface, produces an output signal which is less 
sensitive than the mounting arrangements in WO/94/29715 to 
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differences in shapes and sizes of the fruit F being tested. 
Thus, lever 14, including its pivotal mountings at its 
opposite ends and spring 16, provides a floating spring 
mounting for resilient pad 11 effective to yield, when the 
piezeoelectric film transducer 12 contacts a fruit, to cause 
the piezoelectric film transducer to engage and conform to 
the outer surface of fruit of a large range of sizes and 
shapes. When using such a floating spring mounting, the 
electrical signals outputted by the piezeoelectric film 
transducer 12 more accurately reflect the quality condition 
of the fruit being tested irrespective of the curvature or 

size of the fruit. 

Fig. 3 illustrates a modification in the floating 
spring mounting for the base member 13 carrying the 
resilient pad 11 and the piezoelectric film transducer 12 on 
its outer face. In this case, the floating spring mounting 
includes a leaf spring 18 pivotally mounted at one end 18a 
to the base member 13, and at the opposite end 18b to the 
fixed supporting member 15. The base member 13, its 
resilient pad 11, and piezeoelectric film transducer 12, are 
urged by the inherent elasticity of leaf spring 18 towards 
the fruit such as to cause the piezeoelectric film 
transducer to engage and conform to the outer surface of 
fruit of a large range of sizes and shapes, thereby making 
the electrical signal outputted by the transducer less 
sensitive to fruit of different shapes and sizes. 

Figs. 4 and 5 illustrate an arrangement similar to 
that of Figs. 1 and 2, except that there is only one impact 
element 3, which is located between two of the detectors 
8-10. Thus, as shown particularly in Fig. 5, the three 
detectors 8-10 are not uniformly spaced around the 
circumference of the fruit F holder; rather, two detectors 
8, 9 are located on one side of the fruit holder 2 equally 
spaced from the transverse axis TA of the holder, and the 
third detector 10 is located on the opposite side of the 
holder along the transverse axis TA. The impact element 3 
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is located between the two detectors 8, 9 on the transverse 
axis TA. 

Figs. 6 and 7 illustrate a slightly different 
arrangement, also including an impact element 3 located on 
the transverse axis TA of the fruit holder 2. In the 
arrangement illustrated in Figs. 6 and 7, the mechanical 
response detector, generally designated 20^ includes a 
resilient pad divided into two sections 21a, 21b each 
carrying on its outer face a piezeoelectric film transducer 
22a, 22b, and each being fixed, on its inner face, to a base 
member 23a, 23b. The two base members 23a, 23b are 
pivotally mounted to the opposite ends of a bridge 24, and 
the bridge is in turn pivotally mounted at its center to a 
mounting member 25. A coiled spring 26 interposed between 
mounting member 25 and a fixed element 27 produces, with the 
foregoing elements, a floating spring mounting effective to 
cause the two setions of the piezeoelectric film transducers 
22a, 22b to engage and conform to the outer surface of the 
fruit F on holder 2 irrespective of the size or shape of the 
fruit under test, thereby outputting an electrical signal 
which is relatively insensitive to the size or shape of the 
fruit under test. 

In the arrangement illustrated in Figs. 6 and 7, 
the holder 2 on the opposite side of the fruit under test is 
preferably provided with static shoulders 28, 29, rather 
than detector elements corresponding to detector 20, for 
engaging the opposite side of the fruit under test. The 
static shoulders 28, 29 are equally spaced on opposite sides 
of the transverse axis TA, as in Figs. 4 and 5. 

It will be appreciated that instead of using 
static shoulders 28, 29 on the opposite sides of the fruit 
under test, transducer detector elements corresponding to 
detector 20 could also be used for each of the static 
shoulders, corresponding to the arrangement illustrated in 
Figs. 4 and 5; alternatively, in the arrangement illustrated 
in Figs. 4 and 5, the transducer detectors 8 and 9 could be 
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replaced by static shoulders corresponding to members 28 and 
29 in Figs. 6 and 7, 

Fig. 8 illustrates a still further floating spring 
mounting, generally designated 30, for the resilient pad 31 
and piezoelectric film transducer 32 urged into yielding 
contact with the fruit under test. In this arrangement, the 
resilient pad 31 is carried by a base member 33 which is 
urged towards the fruit under test by a pair of springs 34, 
35 interposed between the opposite ends of the base member 
and an intermediate member 36. Member 36 is in turn urged 
towards the fruit under test by a spring 37 interposed 
between the center of member 36 and a fixed supporting 
member 38 of the fruit holder. The arrangement illustrated 
in Fig. 8 thus also provides a floating spring mounting for 
the piezoelectric film transducer 32, causing it to engage 
and conform to the outer surface of fruit of a large range 
of sizes and shapes. 

Fig. 9 illustrates a system for monitoring the 
condition, e.g., the ripening progress (or water ageing, or 
other quality degradation) of fruit within a plurality of 
storage rooms 40a-40n. Each storage room 40a- 40n includes a 
holder 41a-41n for receiving a sample of the fruit stored 
therein; a dynamic force applicator, schematically indicated 
at 42a- 42n, for applying a dynamic force to the fruit sample 
in the respective holder; and a piezoelectric transducer 
43a-43n to be engaged by the fruit in the holder for 
outputting an electrical signal corresponding to the 
response of the fruit sample to the dynamic force applied by 
the applicator. The applicators are all controlled from 
externally of the storage room by a control, generally 
designated 44. Such control, for example, may include a 
switching box that sequentially switches the applicators in 
the various storage rooms, and amplifiers which receive the 
outputs of the piezoelectric transducers 43a-43n in the 
storage rooms, and aumplify these electrical signals before 
being inputted into a computer 45. 
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The computer analyzes the electrical output 
signals to indicate the quality, particularly the stage in 
the ripening process, of each of the fruit samples in the 
holders 41a-41n. This information is outputted to a monitor 
46, a printer 47, and/or a database 48, for displaying, 
recording, and/or further processing of this information. 

Figs. 10, 11 and 12 illustrate three examples of 
arrangements that may be used for holding and testing a 
fruit sample in the monitoring method of Fig. 9. 

As shown in Fig. 10, the holder for the fruit 
sample F includes a resilient pad 50 receiving the fruit 
sample between it and the transducer 51 . The resilient pad 
SO is formed with an opening 52 in alignment with the 
transducer 51 . The dynamic force applicator includes an 
impact member S3 movable within a barrel 54 and driven 
through opening 5 2 to impact the fruit sample F. The drive, 
in the arrangement illustrated in Fig. 10, is an 
electromagnet 55 having a plunger 56 aligned with the impact 
member 53 to drive it against the fruit with each 
energization of the electromagnet. 

Fig. 11 illustrates an arrangement wherein the 
plunger 56 driven by the electromagnet 55 is coupled to a 
lever arm 67, having one end 67a pivotally mounted to a 
fixed support, with the opposite end 67b engageable with the 
impact member 53 for driving it through opening 52 of the 
resilient pad 50 to impact the fruit sample F. 

Fig. 12 illustrates a further arrangement wherein 
the impact member 53 is driven through the opening 52 in the 
resilient pad 50 by a spring 60, which spring is 
periodically loaded and released by a rotating cam 61 . 

It will be appreciated that the arrangements 
illustrated in Figs. 10-12 are merely illustrative, and that 
many other arrangements could be used, for exaunple one 
wherein the impact member is driven by an air pulse or a 
hydraulic pulse. 
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The transducer 5T in Figs. 10-12 is preferably the 
piezoelectric film transducer included in the earlier- 
described embodiments, but may be other type of transducer* 

It will thus be seen that the storage rooms 
40a-40n, which may involve a controlled atmosphere such as a 
cooled and/or gaseous atmosphere (a storage room having a 
gaseous atmosphere for accelerating or otherwise controlling 
the ripening process being sometimes called a ripening 
room), need not be opened in order to monitor the progress 
of the ripening of the fruit within the storage room, but 
rather the progress can be monitored from a remote location 
externally of the storage rooms. Such a system, therefore, 
is not only much more convenient to operate, but also does 
not involve disturbing the controlled atmosphere within the 
storage rooms which would otherwise occur each time one 
enters or leaves the storage room. 

While the invention has been described with 
respect to several preferred embodiments, it will be 
appreciated that these are set forth merely for purposes of 
exaunple, and that many other variations, modifications and 
applications of the invention may be made. 
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CLAIMS 

1 . A method of testing the quality of fruit, 
comprising : 

applying a dynamic force to the fruit; 

detecting the mechanical response of the fruit to 
said dynamic force via a piezoelectric film transducer 
supported on a displaceable supporting member such that the 
film transducer is bent to induce a strain therein by said 
dynamic force and outputs an electrical signal corresponding 
to the induced strain in the film transducer caused by said 
dynamic force; 

and analyzing said electrical signal to indicate 
the quality of the fruit; 

characterized in that said displaceable supporting 
member includes : 

a resilient pad having an outer surface of 
relatively large surface area carrying, on its outer 
surface, the piezoelectric film transducer, which is also of 
relatively large surface area; 

and a floating spring mounting for the resilient 
pad effective to yield when the piezoelectric film 
transducer contacts a fruit to cause the piezoelectric film 
transducer to engage and conform to the outer surface of 
fruit of a large range of sizes and shapes. 

2 . The method according to Claim 1 , wherein said 
floating spring mounting includes a pivotal mounting on an 
axis through the center of the resilient pad* 

3 . The method according to Claim 2 , wherein said 
floating spring mounting includes a lever having at one end 
said pivotal mounting on an axis through the center of the 
resilient pad, and at the opposite end another pivotal 
mounting to a supporting structure. 

4. The method according to Claim 1, wherein said 
floating spring mounting includes a leaf spring pivotally 
mounted at one end on an axis through the center of the 
resilient pad and urged by its inherent elasticity towards 
the fruit. 
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5 • The method according to Claim 1 , wherein said 
resilient pad and said piezoelectric film transducer carried 
thereby are divided into two sections each pivotally mounted 
at its center to a bridge, which bridge is pivotally mounted 
at its center to said floating spring mounting. 

6. The method according to Claim 1, wherein said 
floating spring mounting includes a first spring aligned 
with the central portion of the resilient pad and engaging 
the central portion of a pressure applicator member having 
two further springs aligned with, and between, the opposite 
ends of the pressure applicator memiber and the resilient 
pad. 

7. The method according to any one of Claims 1*6, 
wherein there are a plurality of said piezoelectric film 
transducers each supported on one of said displaceable 
supporting members at different locations around the 
circumference of the fruit to provide three such surface 
contacts with the fruit. 

8. The method according to any one of Claims 1-7, 
wherein said fruit is located in a fruit storage room, said 
dynamic force applying means is actuated from externally of 
the storage room, and said electrical signal outputted by 
the piezeoelectric film transducer is fed to the analyzer 
means externally of the storage room. 

9. A method of monitoring changes in the 
condition of fruit in a storage room, comprising: 

placing a sample of the fruit in a holder in the 
storage room, which holder includes a dynamic force 
applicator for applying a dynamic force to the fruit sample, 
and a transducer which outputs an electrical signal 
corresponding to the mechanical response of the fruit sample 
to the dynamic force applied thereto; 

at successive intervals, remotely actuating said 
dynamic force applicator from a location externally of the 
storage room to output an electrical signal corresponding to 
the condition of the fruit sample within the storage room; 
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feeding said electrical signal to a location 
externally of the storage room; 

and analyzing said electrical signal externally of 
the storage room to indicate the ripening stage of the 
fruit sample. 

10. The method according to Claim 9, wherein said 
transducer is a piezoelectric film transducer supported on a 
displaceable supporting member such that the film transducer 
is bent, to induce a strain therein, by said dynamic force 
to output said electrical signal. 

11. The method according to Claim 10, wherein said 
displaceable supporting member includes: 

a resilient pad having an outer surface of 
relatively large surface area carrying^ on its outer 
surface, the piezoelectric film transducer, which is also of 
relatively large surface area; 

and a floating spring mounting for the resilient 
pad effective to yield when the piezoelectric film 
transducer contacts a fruit to cause the piezoelectric film 
transducer to engage and conform to the outer surface of 
fruit of a large range of sizes and shapes. 

12. Apparatus for testing the quality of fruit, 
comprising: 

a holder for receiving the fruit to be tested; 

dynaunic force applying means for applying a 
dynamic force to the fruit in said holder; 

a piezoelectric film transducer supported on a 
displaceable member such that the film transducer is bent to 
induce a strain therein by said dynamic force and outputs an 
electrical signal corresponding to the induced strain in the 
film transducer caused by said dynamic force; 

and analyzer means for analyzing said electrical 
signal outputted by the piezoelectric film transducer to 
indicate the quality of the fruit; 

characterized in that said displaceable supporting 
member includes: 
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a resilient pad having an outer surface of 
relatively large surface area carrying, on its outer 
surface, the piezoelectric film transducer, which is also of 
relatively large surface area; 

and a floating spring mounting for the resilient 
pad effective to yield when the piezoelectric film 
transducer contacts a fruit to cause the piezoelectric film 
transducer to engage and conform to the outer surface of 
fruit of a large range of sizes and shapes. 

13. The apparatus according to Claim 12, wherein 
said floating spring mounting includes a pivotal mounting on 
an axis through the center of the resilient pad. 

1 4 • The apparatus according to Claim 1 3 , wherein 
said floating spring mounting includes a lever having at one 
end said pivotal mounting on an axis through the center of 
the resilient pad, and at the opposite end another pivotal 
mounting to a supporting structure. 

1 5 . The apparatus according to Claim 1 2 , wherein 
said floating spring mounting includes a leaf spring 
pivotally mounted at one end on an axis through the center 
of the resilient pad and urged by its inherent elasticity 
towards the fruit. 

16. The apparatus according to Claim 12, wherein 
said resilient pad and said piezoelectric film transducer 
carried thereby are divided into two sections each pivotally 
mounted at its center to a bridge, which bridge is pivotally 
mounted at its center to said floating spring mounting. 

17. The apparatus according to Claim 12, wherein 
said floating spring mounting includes a first spring 
aligned with the central portion of the resilient pad and 
engaging the central portion of a pressure applicator member 
having two further springs aligned with, and between, the 
opposite ends of the pressure applicator member and the 

resilient pad. 

18. The apparatus according to any one of Claims 
12-17, wherein there are three of said piezoelectric film 
transducers each supported on one of three of said 
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displaceable supporting members at different locations 
around the circumference of the fruit to provide three 
surface contacts with the fruit. 

19. A system for monitoring changes in the 
condition of fruit within a storage room, comprising: 

apparatus according to any one of Claims 12-18 
located in said storage room; 

means located externally of said storage room for 
actuating said force applicator; 

and means located externally of said storage room 
for receiving the electrical signals outputted by said 
transducer. 

20. A system for monitoring chajiges in the 
condition of fruit in a storage room^ comprising: 

a holder in said storage room for receiving a 
ssunple of the fruit stored therein; 

a dynamic force applicator in said storage room 
for applying a dynamic force to the fruit sample in said 
holder; 

a transducer in said storage room to be engaged by 
the fruit in said holder for outputting an electrical signal 
corresponding to the response of the fruit sample to said 
dynamic force; 

control means externally of said storage room for 
actuating said force actuator; 

and analyzer means externally of said storage room 
for receiving the electrical signals outputted by the 
transducer and for indicating the condition of the fruit 
sample in the holder. 

21. The system according to Claim 20, wherein said 
transducer is a piezoelectric film transducer supported on a 
displaceable member such that the film transducer is bent, 
to induce a strain therein, by the dynamic force, and 
outputs an electrical signal corresponding to the induced 
strain. 

22. The system according to Claim 23, wherein said 
displaceable supporting member includes: 
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a resilient pad having an outer surface of 
relatively large surface area carrying, on its outer 
surface, the piezoelectric film transducer^ which is also of 
relatively large surface area; 

and a floating spring mounting for the resilient 
pad effective to yield when the piezoelectric film 
transducer contacts a fruit to cause the piezoelectric film 
transducer to engage and conform to the outer surface of 
fruit of a large range of sizes and shapes. 

23. The system according to Claim 20, wherein 
said holder includes a resilient pad for receiving the fruit 
sample between it and said transducer, said resilient pad 
being formed with an opening therethrough; and wherein said 
dyneunic force applicator includes an impact member and a 
drive for driving said impact member through said opening to 
impact the fruit sample. 

24. The system according to Claim 23, wherein said 
drive is an electromagnet having a plunger aligned with said 
impact member. 

25. The system according to Claim 23, wherein said 
drive is an electromagnet having a plunger driving a pivotal 
lever which drives said impact member. 

26. The system according to Claim 23, wherein said 
drive is a spring which is loaded and released by the 
rotating cam. 
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